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(54) APPARATUS FOR TESTING PRIME MOVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a prime mover^ 
testing apparatus which can obtain test results 
conforming to a transient run state of a vehicle when an 
automatic transmission shifts gears frequently. 
SOLUTION: A dynamometer control part 60 is separated 
to a constituting body for coupling a vehicle driving 
system to the side of an input shaft of a transmission 
and a constituting part for coupling the driving system to 
the side of an output shaft A load torque is calculated 
on the basis of a dynamic characteristic model 
introduced with using an equivalent inertia, an equivalent 
damping constant and an equivalent spring constant of 
each constituting body and a speed reduction ratio of 
the transmission as model constants. The dynamometer 
control part 60 controls a dynamometer 20 so that the 
load torque is applied to a crankshaft 11, of an engine 10 
from the dynamometer 20, The dynamometer control 
part 60 calculates the speed reduction ratio on the basis 
of a sine function having an elapsed time after the start 
of a gear shift as a variable when the load torque is to be operated at the gear shift of the 
transmission. 
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CLAIMS 


[Claim(s)] 

[Claim 1]It is test equipment of a motor which is provided with the following and 
examines by changing into the state where it was carried in said vehicles in false 
without carrying said motor in said vehicles by giving said load torque to calculate to 
said, driving shaft from said load torque grant means. Test equipment of a motor, 
wherein said calculating means is what requires predetermined time beforehand set to 
a value after a change, and carries out gradual change operation from a value before 
switching said moderating ratio when calculating said load torque at the time of a 
change of said moderating ratio. 

A load torque grant means to give load torque to a driving shaft of a motor for vehicles 
connected with an automatic transmission which constitutes a part of vehicle drive 
system. 

Said vehicle drive system is divided into a construct by which drive connection is 
carried out to the input-shaft side of said automatic transmission, and a construct by 
which drive connection is carried out to the output-shaft side of the automatic 
transmission at least, A calculating means which calculates load torque which gives a 
moderating ratio of the equivalent inertia of each construct, an equivalent damping 
constant, an equivalent load rate, and said automatic transmission to said driving shaft 
based on a dynamic characteristic model introduced as a model constant. 

[Claim 2]Test equipment of a motor characterized by said calculating means being 
what carries out gradual change operation of the moderating ratio so that a rate of 
change of said moderating ratio may change gradually in test equipment of a motor 
indicated to claim 1. 

[Claim 3]Test equipment of a motor characterized by said calculating means being 
what sets up a change mode of said moderating ratio based on a sine function which 
makes a variable lapsed time from a change start time of the moderating ratio in test 
equipment of a motor indicated to claim 2. 

[Claim 4]In test equipment of a motor indicated to either of claims 1 thru/or 3, said 
calculating means sets up upper limit about output torque of said output shaft 
computed based on an input torque inputted into said input shaft at the time of a shift 
up which decreases said moderating ratio, and said moderating ratio. Test equipment 
of a motor being what restricts said output torque to below the upper limit concerned 
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until said predetermined time passes. 

[Claim 5]In test equipment of a motor indicated to either of claims 1 thru/or 3, said 
calculating means sets up a lower limit about output torque of said output shaft 
computed based on an input torque inputted into said input shaft at the time of a 
down shift which increases said moderating ratio, and said moderating ratio. Test 
equipment of a motor being what restricts said output torque more than the lower 
limit concerned until said predetermined time passes. 

[Claim 6]Test equipment of a motor characterized by said calculating means being 
what sets up said upper limit or said lower limit as a function about lapsed time from a 
change start time of said moderating ratio in test equipment of a motor indicated to 
claim 4 or 5. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In this invention, load torque is given to a motor called the 
engine and electric motor which are used as a driving source of vehicles. 
Therefore, it is related with the test equipment of the motor which was made to 
examine by changing into the state where the motor was carried by vehicles in false. 

[0002] 

[Description of the Prior Art]As for the various examinations about output 
characteristics, the fuel consumption characteristic, or the emission gas 
characteristic of the engine for vehicles, it is common to carry out, where the engine 
is actually carried in vehicles. However, the test result obtained by doing in this way 
corresponds only to combination with the vehicles by which the engine and the engine 
are carried to the last. 

For example, w;hen the weight of vehicles and the specification of a drive system are 
changed, it is necessary to examine by recarrying an engine in the vehicles after 
change again. 

It is necessary to secure the space for vehicles, and enlargement of the test facility is 
not avoided in such a test method, either. 

[0003]Then, the test equipment which made in false the state where the engine was 
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carried in vehicles is conventionally proposed by connecting a dynamometer with an 
engine rather than actually carrying an engine in vehicles, and giving load torque from 
the dynamometer to an engine. 

[0004]According to such test equipment, even when the specification of vehicles is 
changed, it is not necessary to secure the space for what is necessary being Just to 
change the load torque of a dynamometer according to the specification change, and 
arranging vehicles. Therefore, various engine examinations can be done now very 
efficiently in few spaces, and the test system excellent in flexibility and economical 
efficiency can be built. 
[0005] 

[Problem(s) to be Solved by the Invention][n conventional test equipment, while 
computing inertial resistance from vehicle mass and vehicles acceleration. The 
comparatively reliable test result has been obtained about the engine characteristic 
when it is in the steady run state he is trying to give the load torque computed based 
on this inertial resistance to an engine, and vehicles run with fixed acceleration. 
[0006] However, in the vehicles it is actually running, time to be in a run state steady 
as mentioned above is comparatively short, and the greater part of the run state is a 
transitional run state from which vehicles acceleration changes frequently according 
to a driver s acceleration~and-deceleration demand. Thus, if vehicles will be in a 
transitional run state, in order to change engine load torque and for torsional vibration 
to occur in the drive system of transmission or vehicles called a drive shaft by the 
change, the size of load torque comes to change with vibrational states of a drive 
system. 

[0007]Then, a still more precise dynamic characteristic model is built about vehicles, 
and how to compute load torque based on the dynamic characteristic model can be 
considered. That is, if load torque is computed based on the dynamic characteristic 
model which introduced the equivalent damping constant and equivalent load rate of 
vehicles as a model constant in addition to vehicles inertia etc., the load torque also 
reflecting the transitional state of such vehicles can be given to an engine. 
[0008]By the way, in the examination supposing the vehicles carrying an automatic 
transnriission. While introducing the moderating ratio of the automatic transmission as 
one of the model constants of the above dynamic characteristic models. It is 
necessary to compute load torque by setting up the shifting time of an automatic 
transmission according to the virtual vehicle speed etc. which were called for based 
on this dynamic characteristic model, and switching the moderating ratio of an 
automatic transmission to this shifting time. 


f ,1 
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[0009]However, in such an examination, when a moderating ratio is switched to the 
value after gear change in an instant from the value before changing gears at the 
shifting time, the load torque which cannot act on an engine actually at the time of the 
change is computed, and there is a possibility that it may be given to the engine. That 
is, even if a speed change command is inputted to an automatic transmission in actual 
vehicles, for a moderating ratio not to change simultaneously with the input of the 
speed change command, to originate in the response delay of an automatic 
transmission, and it is for the change of a moderating ratio to be overdue. If it is not 
made not to compute load torque after taking into consideration the transitional 
action of the automatic transmission in such the shifting time, it becomes impossible 
therefore, to obtain the test result adapted to the transitional run state of the 
vehicles with which shift operation of an automatic transmission is performed 
frequently. 

[0010]In order to make the transitional action of such an automatic transmission 
reflect in calculation of load torque, after modeling precisely the mechanical system 
and hydraulic line in an automatic transmission, for example, building the dynamic 
characteristic model of vehicles is also considered. However, if it is going to model an 
automatic transmission precisely in this way, it will become difficult for flexibility to be 
lost and to deal with the model change of an automatic transmission flexibly, so that it 
comes to require great time when making a model with complication of a model and a 
model becomes complicated. 

[0011]This invention is made in view of such the conventional actual condition, and 
the purpose. The transitional action concerning the shift operation of an automatic 
transmission is made to reflect in a test result simple, and it is in providing the test 
equipment of the motor which can obtain the test result adapted to the transitional 
run state of the vehicles with which the shift operation is performed frequently. 
[0012] 

[Means for Solving the Problem]To achieve the above objects, an invention indicated 
to claim 1, A load torque grant means to give load torque to a driving shaft of a motor 
for vehicles connected with an automatic transmission which constitutes a part of 
vehicle drive system, A vehicle drive system is divided into a construct by which drive 
connection is carried out to the input-shaft side of an automatic transmission, and a 
construct by which drive connection is carried out to the output-shaft side of the 
automatic transmission at least. It has a calculating means which calculates load 
torque which gives a moderating ratio of the equivalent inertia of each construct, an 
equivalent damping constant, an equivalent load rate, and an automatic transmission 
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to a driving shaft based on a dynamic characteristic model introduced as a model 
constant. It is test equipment of a motor which examines by changing into the state 
where it was carried in vehicles in false without carrying a motor in vehicles by giving 
load torque to calculate to a driving shaft from a load torque grant means. When a 
calculating means calculates load torque at the time of a change of a moderating ratio, 
it supposes that it is what requires predetermined time beforehand set to a value after 
a change, and carries out gradual change operation from a value before switching a 
moderating ratio. 

[001 3]According to such composition, after taking into consideration a transitional 
change of a moderating ratio in the shifting time of an automatic transmission, load 
torque which should be given to a motor can be computed. 

[0014]When carrying out gradual change operation of the moderating ratio in this way 
like an invention indicated to claim 2, - A calculating means like an invention indicated 
to claim 3 or it carries out gradual change operation of the moderating ratio so that a 
rate of change of a moderating ratio may change gradually. If composition that - 
calculating means is what sets up a change mode of a moderating ratio based on a 
sine function which makes a variable lapsed time from a change start time of the 
moderating ratio is adopted in addition to the above— mentioned composition. It can 
inhibit now that excessive load torque which can make change of a moderating ratio 
smoother, for example, must have been generated in a real working state acts to a 
motor. 

[0015]In test equipment of a motor indicated to either of claims 1 thru/or 3 by the 
invention indicated to claim 4, A calculating means sets up upper limit about output 
torque of an output shaft computed based on an input torque and a moderating ratio 
which are inputted into an input shaft at the time of a shift up which decreases a 
moderating ratio, and it supposes that it is what restricts output torque to below the 
upper limit concerned until predetermined time passes. 

[0016]In test equipment of a motor indicated to either of claims 1 thru/or 3 by the 
invention indicated to claim 5, A calculating means sets up a lower limit about output 
torque of an output shaft computed based on an input torque and a moderating ratio 
which are inputted into an input shaft at the time of a down shift which increases a 
moderating ratio, and it supposes that it is what restricts output torque more than the 
lower limit concerned until predetermined time passes. 

[001 7] According to the invention indicated to claim 4 or claim 5, transitional torque 
transmission characteristics in an automatic transmission can be made to reflect in 
calculation of load torque in simple. In an invention indicated to claim 6, a calculating 
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means shall have set up upper limit or a lower limit in test equipment of a motor 
indicated to claim 4 or 5 as a function about lapsed time from a change start time of a 
moderating ratio. 

[0018]According to such composition, transitional torque transmission characteristics 
in an automatic transmission on a model can be reproduced now in an exact form 
adapted to the characteristic of a actual automatic transmission, The transitional 
torque transmission characteristics of an automatic transmission can be made to 
reflect correctly by calculation of load torque now. 
[0019] 

[Embodiment of the Invention]Hereafter, this invention is explained with reference to 
drawing 1 - 13 about one embodiment applied to the test equipment of the gasoline 
engine carried in the vehicles provided with the automatic transmission (transmission). 
[0020] Drawing 1 is an outline lineblock diagram showing the test equipment in this 
embodiment By transmitting the torque generated in the dynamometer 20 to the 
gasoline engine 10 for vehicles (only henceforth an "engine") via the shaft 30, this 
test equipment is made into the loaded condition which carries the engine 10 in 
vehicles in false, and does various examinations. 

[0621]The engine 10 and the dynamometer 20 adjoin so that the crankshaft 1 1 and 
the input shaft 21 may be located on the same axle, and they are being fixed on the 
bench (graphic display abbreviation), respectively. The end of these crankshafts 1 1 
and the input shaft 21 is connected with the end of the shaft 30 respectively via the 
coupling 31 and 32, respectively. 

[0022]Test equipment is provided with the control device 70 with Engine control 
section 50 for controlling the output of the engine 10, and the dynamometer control 
section 60 for controlling the torque which the dynamometer 20 is made to generate. 
[0023]Engine control section 50 adjusts the output of the engine 10 so that a virtual 
speed (vehicle speed SPD) of the vehicles computed in the dynamometer control 
section 60 may change according to the predetermined vehicle speed pattern defined 
beforehand. Regulation of such an output is performed by adjusting the opening 
(throttle opening TA) of the throttle valve 14 provided in the suction passage 12 of the 
engine 10 with the throttle motor 15. 

[0024]Namely, Engine control section 50 increases the quantity of the suction air 
which increases throttle opening TA and is supplied to the combustion chamber 
(graphic display abbreviation) of the engine 10 when vehicle speed SPD is lower than 
predetermined target speed. Conversely, when vehicle speed SPD is higher than 
predetermined target speed, the opening of throttle opening TA is decreased and 
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suction air quantity is decreased. 

[0025]A detecting signal is inputted into the dynamometer control section 60 from the 
various sensor which detects the operational status of the engine 10. The torque 
sensor 40 which detects the torque (real torque TACT) actually transmitted to the 
engine 10 from the dynamometer 20 is formed in the crankshaft 11. Near the 
crankshaft 11, it is the revolving speed of the crankshaft 11, i.e., revolving speed 
theta'e of the engine 1 0. The rotational speed sensor 42 to detect is formed. The 
throttle sensor 44 for detecting throttle opening TA near the throttle valve 14 is 
formed- 

[0026]The dynamometer control section 60 computes the load torque (indicated 
torque TTRG) which generates the dynamometer 20 based on each detecting signal 
inputted from these each sensors 42 and 44, and the dynamic characteristic model of 
the vehicles by which the engine 10 is carried. And the dynamometer control section 
60 carries out feedback control of the dynamometer 20 so that the real torque TACT 
detected by the computed indicated torque TTRG and torque sensor 40 may be in 
agreement. 

[0027] Drawing 2 is a key map showing the dynamic characteristic model of these 
vehicles. As shown in the figure, in this embodiment, vehicles A torque converter and 
transmission, (it is hereafter called "the 1st construct) Ml" — the same — 
transmission — and a differential gear. He is trying to make a model as a torsional 
vibration system of 3 flexibility by classifying into two or more constructs M1-M3 
called (it is hereafter called "the 2nd construct M2"), the wheel, the tire, and body 
(henceforth "the 3rd construct M3"). 

[0028]The dynamometer control section 60 is revolving speed theta'e of the engine 10 
to the alliance equation of motion based on such a dynamic characteristic model. It 
inputs and indicated torque TTRG is computed by solving each equation of motion a 
predetermined operation cycle. Incidentally, construction of the equation of motion 
based on such a dynamic characteristic model and its data processing can be easily 
performed, for example using control-simulation software. 

[0029]In the figure, engine equivalent inertia and "J1" - "J3" "Je" The equivalent 
inertia of each above-mentioned constructs M1-M3, "K1" and "K2", the equivalent 
load rate of the 1st construct Ml and the 2nd construct M2, "CI", and "C2" are the 
equivalent damping constants of the 1st construct Ml and the 2nd construct M2. and 
these are model constants identified based on an experiment, a designed value, etc. 
[0030]"t" is a torque ratio of a torque converter, "nt" is a moderating ratio of 
transmission, and "nd" is a moderating ratio of a differential gear and is the constant 
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value set up beforehand. On the above-mentioned dynamic characteristic model, 
these each parameter t, nt, and nd in order. It is a model constant for setting up the 
transmitting torque transmitted to the 1st construct Ml from an engine, the 
transmitting torque transmitted to the 2nd construct M2 from the 1st construct Ml, 
and the transmitting torque transmitted to the 3rd construct M3 from the 2nd 
construct M2, respectively. 

[0031]The ratio of the transmitting torque which "k" is delivered to the 2nd construct 
M2 from the 1st construct Ml on the above-mentioned dynamic characteristic model. 
(Hereafter, in order to distinguish from torque ratio t of a torque converter, it is 
considered as a "transient torque ratio"). It is a model constant for corresponding to 
the ratio of the input-and-output torque of transmission in actual vehicles, and 
evaluating the transitional torque transmission characteristics in the shifting time of 
the transmission. 

[0032]Each model constant transient torque ratio k which evaluates torque ratio [ of 
the torque converter mentioned above ] t, the moderating ratio nt of transmission, and 
the transient characteristic of the above-mentioned transmission is computed by the 
dynamometer control section 60 for every operation cycle which computes indicated 
torque TTRG. Hereafter, drawing 3 in which the detailed composition of the 
dynamometer control section 60 is shown and drawing 4 - the function data of nine, a 
flow chart, etc. are combined, referred to and explained about the calculation 
procedure of each such model constant. 

[0033]As shown in drawing 3 , The dynamometer control section 60 each 
above-mentioned model constant. The model constant set part 61 to set up, the 
indicated torque operation part 62 which computes indicated torque TTRG based on 
each above-mentioned equation of motion, the speed operation part 63 which 
computes vehicle speed SPD, the comparing element 64 which computes torque 
deviation u of indicated torque TTRG and the real torque TACT, And it has the 
actuator 65 grade which carries out feedback control of the driving current of the 
dynamometer 20 based on this torque deviation u, and is constituted. 
[0034]The speed operation part 63 computes vehicle speed SPD based on the 
revolving speed theta*3 of the 3rd construct M3 computed by the indicated torque 
operation part 62, i.e., the revolving speed of a tire, and a following formula (1). 
SPD=k1andrH:heta 3 ... (1) 

k1: Constant r The radius speed operation part 63 of a tire outputs the signal 
according to the size of vehicle speed SPD computed in this way, respectively to the 
model constant set part 61 and the indicated torque operation part 62. 
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[0035]The model constant set part 61 is provided with the memory (graphic display 
abbreviation) each above-mentioned model constant (Je, J1-J3, K1. K2, CI, C2, nd) 
was remembered to be, and outputs these each model constant to the indicated 
torque operation part 62. The model constant set part 61 outputs computed each 
model constant t and nt to the indicated torque operation part 62, respectively while 
computing torque ratio [ of a torque converter ] t, and the moderating ratio nt of 
transmission. 

[0036]Hereafter, torque ratio [ of a torque converter ] t and the calculation procedure 
of the moderating ratio nt of transmission are explained. 

[Calculation of torque ratio t] The model constant set part 61 computes the velocity 
ratio (theta 1 / theta'e) of the revolving speed theta'1 of the 1st construct Ml 
obtained from the equation of motion based on the above-mentioned dynamic 
characteristic model with a predetermined operation cycle, and revolving speed 
theta'e of the engine 10 detected by the rotational speed sensor 42. The function data 
which defines the relation between this velocity ratio (theta'1 / theta'e) and torque 
ratio t as the memory of the model constant set part 61 is memorized. The model 
constant set part 61 computes torque ratio t (=t (theta'1 / theta'e)) corresponding to 
a velocity ratio (theta'1 / theta'e) with reference to this function data. And the model 
constant set part 61 is outputted to the indicated torque operation part 62, in order to 
set up torque ratio t computed by having done in this way as torque ratio t in a next 
operation cycle. 

[0037][Calculation of the moderating ratio nt] The calculation procedure of the 
moderating ratio nt of transmission is explained below with reference to the flow chart 
shown in drawing 5. The model constant set part 61 has updated the moderating ratio 
nt the predetermined operation cycle by carrying out repeat execution of these each 
processing while computing the moderating ratio nt according to each processing 
shown in this flow chart. 

[0038]First, throttle opening TA from which the model constant set part 61 is 
detected by the throttle sensor 44 in Step 100 shown in drawing 5 . Based on vehicle 
speed SPD computed by the speed operation part 63, shift position G (1st, 2nd, 3rd, 
4th) of transmission is computed. In the memory (graphic display abbreviation) of the 
model constant set part 61. The function data which defines the relation between 
vehicle speed SPD and throttle opening TA as shown in drawing 4 . and shift position G 
is memorized, respectively about each [ at the time of a shift up and a down shift ] 
case, and the model constant set part 61 determines the shift position G with 
reference to this function data. 
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[0039]And the model constant set part 61 reads the moderating ratio nt 
corresponding to each shift position G memorized by the memory from the memory. 
The model constant set part 61 once sets up the moderating ratio nt which did in this 
way and was read as the moderating ratio nt in a next operation cycle. 
[0040]Next, in Step 102, it is judged whether the model constant set part 61 was in 
the operational status which should change shift position G of transmission if the 
moderating ratio nt set up at Step 100 puts whether it was changed from the value in 
the last operation cycle in another way. When it is judged that the moderating ratio nt 
is not changed in this step 102, the model constant set part 61 performs processing 
after Step 108. 

[0041 ]On the other hand, when it is judged that the moderating ratio nt was changed 
in Step 102, the model constant set part 61 outputs the speed change command S to 
the indicated torque operation part 62 in Step 104. And in continuing Step 106, the 
model constant set part 61 sets up the moderating ratio [ in / for the moderating ratio 
nt in the last operation cycle / the old moderating ratio ntold and this operation 
cycle ] nt as the new moderating ratio ntnew. respectively. 
[0042]Next, in Step 108, the model constant set part 61 judges whether the 
predetermined time TSINT passed, after the moderating ratio nt will be changed, if it 
put in another way after the speed change command S was outputted. This 
predetermined time TSINT is time assumed that an action with transitional 
transmission is shown with change of the moderating ratio nt, and is time set up based 
on an experiment etc. corresponding to each transmission. 

[0043]In this step 108, after the speed change command S is outputted, when it is 
judged that the predetermined time TSINT has not passed, the model constant set 
part 61 computes the transient moderating ratio nttrans in Step 1 10. It is for this 
transient moderating ratio nttrans introducing the transitional torque transmission 
characteristics of the transmission after change of the moderating ratio nt into the 
process in which each above-mentioned equation of motion is solved. The model 
constant set part 61 computes this transient moderating ratio nttrans based on each 
of following formula (2) - (6). 
nttrans=a+b-sin (c-TS+d) ... (2) 

TS: Lapsed time after outputting the speed change command S a-d: Constant defined 
by following formula (3) - (6) a=(ntold+ntnew) /2 ... (3) 
b=(ntold-ntnew) /2 ... (4) 
c=-pi/TSINT ... (5) 
D=pi/2 ... (6) 
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Drawing 6 (a) and (b) shows the time of the down shift in which the time of the shift up 
in which the moderating ratio nt decreases the change mode of the transient 
moderating ratio nttrans, and the moderating ratio nt increase, respectively. As shown 
in these each figure, the transient moderating ratio nttrans is changing from the old 
moderating ratio ntold to the new moderating ratio ntnew gradually with increase of 
above-mentioned lapsed time TS, Even if it is which [ at the time of a shift up and a 
down shift ] case so that clearly from an upper type (2) besides these each figure. As 
for the transient moderating ratio nttrans, the rate of change (inclination of the graph 
in the figure (a) and (b)) changes gradually with increase of lapsed time TS. 
[0044]After computing the transient moderating ratio nttrans as mentioned above, in 
Step 112, the model constant set part 61 resets this transient moderating ratio 
nttrans as the moderating ratio nt. 

[0045]On the other hand, when it is judged that the predetermined time TSINT has 
passed in Step 108 mentioned above after the speed change command S is outputted. 
That is, when transmission is judged to be in a stationary state, the model constant 
set part 61 skips processing of each above-mentioned step 1 10,112. That is, the re 
set of the moderating ratio nt is not performed in this case. 

[0046]Thus, the moderating ratio nt after the speed change command S is outputted 
until the predetermined time TSINT passes, It will be set to the transient moderating 
ratio nttrans, i.e., the value corresponding to the transitional state of transmission, and 
after the progress during [ TSINT ] said place scheduled time will be set to the value 
based on throttle opening TA and vehicle speed SPD, i.e., the value corresponding to 
the stationary state of transmission. 

[0047]When an affirmation decision is carried out in the above-mentioned step 108, or 
after performing processing of Step 112, the model constant set part 61 shifts to Step 
114, and outputs processing to the indicated torque operation part 62 as a value [ in / 
for the moderating ratio nt / a next operation cycle ]. After performing processing of 
this step 114, the model constant set part 61 once ends this manipulation routine. 
[0048]Next, the calculation procedure of indicated torque TTRG by the indicated 
torque operation part 62 is explained. The indicated torque operation part 62 by the 
model constant set part 61. Revolving speed theta'e inputted from the model constant 
(Je, J1-J3, K1, K2, CI, C2, nd, t nt) and the rotational speed sensor 42 which are set 
up While substituting for the engine and each equation of motion about each 
constructs M1-M3 which were mentioned above. By solving these equations of motion 
a predetermined operation cycle, indicated torque TTRG according to the run state of 
the modeled vehicles is computed. 
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[0049]Here the indicated torque operation part 62 by amending this transmitting 
torque TX based on transient torque ratio k mentioned above, after computing the 
torque (henceforth "the transmitting torque TX") transmitted to the 2nd construct 
M2 from the 1st construct Ml, He is trying to make the transitional torque 
transmission characteristics of the transmission in the shifting time reflect in 
calculation of indicated torque TTRG, Hereafter, the amendment procedure of such 
transmitting torque TX is explained with reference to the flow chart shown in drawing 
7. He is trying for the indicated torque operation part 62 to amend the transmitting 
torque TX a predetermined operation cycle by carrying out repeat execution of each 
processing shown in this flow chart 

[0050]First, in Step 200, the indicated torque operation part 62 will judge whether this 
operation cycle is a shift start stage of transmission, if it puts whether the speed 
change command S was inputted from the model constant set part 61 in another way. 
When this operation cycle is judged to be a shift start stage of transmission here, in 
Step 202, the indicated torque operation part 62 shifts processing to Step 204, after 
setting up the present transmitting torque TX as transmitting torque TXINI at the time 
of a shift start. 

[0051]On the other hand, in Step 200, when this operation cycle is judged not to be a 
shift start stage of transmission, the indicated torque operation part 62 skips Step 
202, and shifts processing to Step 204. 

[0052]After the speed change command S is inputted into the indicated torque 
operation part 62 in Step 204, it is judged whether the relation between whether the 
predetermined time TSINT passed and (TS>TSINT) is filled. When it is judged that the 
predetermined time TSINT passed here, the indicated torque operation part 62 once 
ends this manipulation routine as what is in the state with the steady torque 
transmission characteristics of transmission. That is, in this case, time has fully 
passed since the shift start of transmission, and since it is not necessary to take into 
consideration the transitional torque transmission characteristics of transmission 
when computing indicated torque TTRG, amendment of the transmitting torque TX is 
not performed. 

[0053]On the other hand, in Step 204, after the speed change command S is inputted, 
when the predetermined time TSINT is judged to yet have not passed, the indicated 
torque operation part 62 carries out sequential execution of the processing after Step 
206 that the above-mentioned transmitting torque TX should be amended. 
[0054]First, in Step 206, the indicated torque operation part 62 judges whether the 
shift operation of this transmission is a shift up. When an affirmative judgment is 
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carried out here, in Step 210, the indicated torque operation part 62 sets up transient 
torque ratio k based on shift position G after lapsed time TS from a shift start, and 
gear change. 

[0055]The function data which shows lapsed time TS at the time of a shift up as 
shown in drawing 8 . and the relation between shift position G after gear change and 
transient torque ratio k to the memory (graphic display abbreviation) of the indicated 
torque operation part 62 is memorized. When the indicated torque operation part 62 
sets up the transient torque ratio k, refer to this function data for it, 
[0056]For example, when shift position G is "2nd" Transient torque ratio k changes 
along the solid line shown in the figure with increase of lapsed time TS, and when shift 
position G is "3rd" and "4th", transient torque ratio k will change along the dashed 
dotted line and two-dot chain line which are shown in the figure with increase of 
lapsed time TS, respectively. Incidentally, such function data is called for based on an 
experiment etc. corresponding to each transmission. 

[0057]Next, in Step 212, the indicated torque operation part 62 compares the 
multiplication value (k-TXINI) and the transmitting torque TX of transmitting torque 
TXINI at the time of transient torque ratio k and a shift start When it is judged that 
the transmitting torque TX is below the above-mentioned multiplication value 
(k-TXINI) here, the indicated torque operation part 62 once ends this manipulation 
routine. Therefore, amendment of the transmitting torque TX is not performed in this 
case. 

[0058]On the other hand, when it is judged that the transmitting torque TX is larger 
than the above-mentioned multiplication value (k-TXINI) in Step 212, in Step 214. the 
indicated torque operation part 62 sets up the above-mentioned multiplication value 
(k-TXINI) as the new transmitting torque TX. That is, by performing each processing 
of Step 212 and Step 214, the transmitting torque TX will be amended so that below 
the above-mentioned multiplication value (k-TXINI) may become (restriction). 
[0059]On the other hand, in the above-mentioned step 206, when the shift operation 
of this transmission is judged to be a down shift, the indicated torque operation part 
62 shifts processing to Step 220. And in Step 220, the indicated torque operation part 
62 sets up transient torque ratio k based on shift position G after lapsed time TS from 
a shift start, and gear change. 

[0060]The function data which shows lapsed time TS at the time of a down shift as 
shown in drawing 9 , and the relation between shift position G after gear change and 
transient torque ratio k to the memory (graphic display abbreviation) of the indicated 
torque operation part 62 is memorized. When the indicated torque operation part 62 
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sets up the transient torque ratio k, refer to this function data for it. 
[0061]For example, when shift position G is "1st." Transient torque ratio k changes 
along the solid line shown in the figure with increase of lapsed time TS, and when shift 
position G is "2nd" and "3rd", transient torque ratio k will change along the dashed 
dotted line and two-dot chain line which are shown in the figure with increase of 
lapsed time TS, respectively. Such function data is called for like the function data 
shown in drawing 8 based on the experiment etc. corresponding to each transmission. 
[0062]Next, in Step 222, the indicated torque operation part 62 compares the 
multiplication value (k-TXINI) and the transmitting torque TX of transmitting torque 
TXINI at the time of transient torque ratio k and a shift start When it is judged that 
the transmitting torque TX is beyond the above-mentioned multiplication value 
(k-TXINI) here, the indicated torque operation part 62 once ends this manipulation 
routine. Therefore, amendment of the transmitting torque TX is not performed in this 
case. 

[0063]On the other hand, in Step 222. when it is judged that the transmitting torque 
TX is smaller than the above-mentioned multiplication value (k-TXINI), in Step 224, 
the indicated torque operation part 62 sets up the above-mentioned multiplication 
value (k-TXINI) as the new transmitting torque TX. That is, by performing processing 
of Step 222 and Step 224. the transmitting torque TX will be amended so that it may 
become beyond the above-mentioned multiplication value (k-TXINI) (restriction). 
[0064]After performing each processing of the above-mentioned step 214.224, the 
indicated torque operation part 62 once ends processing of this routine. Drawing 10 is 
a timing chart which shows an example of the moderating ratio nt at the time of a shift 
up, transient torque ratio k and change of the transmitting torque TX, the moderating 
ratio [ drawing 11] nt at the time of a down shift, transient torque ratio k, and the 
change mode of the transmitting torque TX, respectively. 

[0065]As shown in these drawing 10 a nd drawing 11. in this embodiment, it is gradually 
changed even into the value after gear change from the value before changing gears 
the moderating ratio nt in a transient response period ( drawing 10 . period of the timing 
t1-l6 of 1 1) until the predetermined time TSINT passes since the shift start of 
transmission. Therefore, after taking into consideration the transitional change in the 
moderating ratio nt of transmission, the load torque which should be given to the 
engine 10, i.e., indicated torque TTRG, can be computed. 

[0066]- As a result, according to this embodiment, it differs from the test equipment 
which computed indicated torque TTRG by changing the moderating ratio nt of 
transmission into the value after gear change in an instant from the value before 
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changing gears. The transitional action concerning the shift operation of transmission 
can be made to reflect in a test result simple, and the test result adapted to the 
transitional run state of the vehicles with which such shift operation is performed 
frequently can be obtained now. 

[0067]As shown in an upper type (2), he is trying to change gradually the rate of 
change of the moderating ratio nt in the transient response period of transmission by 
computing the moderating ratio nt based on the sine function which makes 
above-mentioned lapsed time TS a variable, if it is in this embodiment especially. 
[0068]- Therefore, according to this embodiment, it can inhibit now certainly that the 
excessive load torque which can make change of the moderating ratio nt smoother, for 
example, must have been generated in a real working state acts from the 
dynamometer 20 to the engine 1 0. 

[0069]By the way, in actual transmission, it is known that the output torque outputted 
from the output shaft generally shows the following change modes in the transient 
response period of the transmission. 

[0070]That is, if it is at the time of a shift up, as shown in drawing 12 , once output 
torque goes up from the time of a shift start (timing t1) (timing t2), it decreases even 
to a value smaller than the value before gear change (timing t3). And after output 
torque goes up again greatly (timing t4), it decreases gradually and is converged on 
the value after gear change (timing t5). 

[0071]On the other hand, if it is at the time of a down shift, as shown in drawing 13 , 
output torque once goes up even to a bigger value than the value after gear change, 
after decreasing greatly from the time of a shift start (timing t1) (timing t2) (timing tS). 
And after output torque decreases even to a value again smaller than the value after 
gear change (timing t4), it goes up gradually and is converged on the value after gear 
change (timing t5). 

[0072]Especially the change mode of the output torque in the period of the timing 
t1-t3 at the time of a shift up here A "torque phase". Change of the output torque of 
such transmission with which the change mode in the period of the timing t3-t5 at the 
time of a shift up is generally called the "inertia phase", It is a transitional change of 
the torque transmission characteristics generated with engagement and its release of 
the gear and clutch which are built in transmission. When the transitional action of the 
transmission in the shifting time has been grasped more correctly, in order to compute 
indicated torque TTRG, also in the change mode of the transmitting torque TX on a 
model, it is desirable to reproduce such a transitional change. 
[0073]In this point and this embodiment a multiplication value (k-TXINI) with 
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transmitting torque TXINI is set to transient torque ratio k as upper limit about the 
above-mentioned transmitting torque TX at the time of a shift start at the time of a 
shift up. He is trying to amend the transmitting torque TX below to this upper limit 
until the predetermined time TSINT passes since the shift start time. 
[0074]At the time of a down shift, the above-mentioned multiplication value (k-TXINI) 
is set up as a lower limit about the transmitting torque TX, and he is trying to restrict 
the transmitting torque TX more than this lower limit until the predetermined time 
TSINT passes since the shift start time. 

[0075]It differs from the case (a two-dot chain line shows the change mode of the 
transmitting torque TX in this case to drawing 10 and 11) where such transmitting 
torque TX is not amended, temporarily. It comes to be restricted so that the 
transmitting torque TX may become equal to the above-mentioned multiplication 
value (k-TXINI) in drawing 1 0. and the period of the timing t2-t3 and the period of the 
timing t4-t5 which are shown in 1 1 . 

[0076]- Therefore, according to this embodiment, a transitional change which includes 
such a "torque phase" and "inertia phase" in the change mode of the transmitting 
torque TX is reproducible in simple. The transitional torque transmission 
characteristics of transmission can be made to reflect in calculation of indicated 
torque TTRG in simple now. As a result, the test result which reproduced correctly 
the transitional run state of the vehicles with which shift operation of transmission is 
performed frequently can be obtained now. 

[0077]He is trying to set up especially transient torque ratio k which is needed when 
setting up the upper limit or lower limit of the transmitting torque TX by this 
embodiment based on lapsed time TS from a shift start, and shift position G. 
[0078]- Therefore, since according to this embodiment it can be based on the 
characteristic of actual transmission, it can depend for the transitional change mode 
of the transmitting torque TX and it can reappear now in an exact form. The 
transitional torque transmission characteristics of the transmission can be made to 
reflect still more correctly to calculation of indicated torque TTRG now. 
[0079]When setting up the upper and lower limit value of the transmitting torque TX, 
he is trying to set up these upper and lower limit value in this embodiment using the 
ratio (transient torque ratio k) to the size of this transmitting torque TX on the basis 
of the size of the transmitting torque TX at the time of a shift start. 
[0080]- According to [ follow and ] this embodiment, it is revolving speed theta*e of 
the engine 10 about these upper and lower limit value. It differs from the case where it 
is made to set up using the function data about the revolving speed theta'1 of the 1st 
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construct M1, The data volume memorized by the memory of the model constant set 
part 61 can be decreased, and saving of the storage capacity of the memory can be 
aimed at. 

[0081]This embodiment described above can also change and carry out composition 
as follows. 

- Although vehicles are classified into two or more constructs M1-M3 and were 
modeled in the above-mentioned embodiment, the method of this classification and its 
number can be set up similarly to the above-mentioned embodiment, and arbitrarily. 
[0082]- Although the moderating ratio nt was set up in the above-mentioned 
embodiment based on the sine function which makes lapsed time TS a variable, if the 
rate of change of the moderating ratio nt can be gradually changed in the transient 
response time of the above-mentioned transmission, it will not be limited to such a 
sine function. It may be made to change this moderating ratio nt from a shift start-like 
proportionally according to increase of lapsed time TS. 

[0083]- Although the function data which defines the relation between lapsed time TS 
and transient torque ratio k was prepared for each shift position G of every in the 
above-mentioned embodiment, About this shift position G, the transitional torque 
variation which includes the above "torque phase" and an "inertia phase" in a simple 
form using common transient torque ratio k is reproduced, and it may be made to aim 
at saving of the storage capacity of a memory, and mitigation of arithmetic load. 
[0084]- According to the above-mentioned embodiment, although it was made to 
change the upper limit or lower limit of the transmitting torque TX based on lapsed 
time TS and shift position G, these upper and lower limit value can also be set up as 
constant value. 

[0085]- According to the above— mentioned embodiment, although this invention was 
materialized as test equipment of a gasoline engine, shape can also be taken as test 
equipment of the electric motor of an AC motor, a direct-current motor, etc., for 
example as test equipment of a diesel power plant. 
[0086] 

[Effect of the Invention] According to the invention indicated to claims 1 thru/or 6, 
after taking into consideration a transitional change of the moderating ratio in the 
shifting time of an automatic transmission, the load torque which should be given to a 
motor can be computed. Therefore, the transitional action concerning the shift 
operation of an automatic transmission can be made to reflect in a test result simple, 
and the test result adapted to the transitional run state of the vehicles with which the 
shift operation is performed frequently can be obtained now. 
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[0087] According to the invention indicated to claims 4 thru/or 6. the transitional 
torque transmission characteristics in an automatic transmission can be made to 
reflect in calculation of load torque in simple. As a result, the test result which 
reproduced still more correctly the transitional run state of the vehicles with which 
shift operation of an automatic transmission is performed frequently can be obtained 
now. 


(19)0*H»WJt (JP) 02) ^ ^ ij^ ^ ^ (A) aDftWaiBfi^MS^ 

i^||2000- 105172 
(P2000-105172A) 

(43)iaiH y^6l2¥4^1ig (2000.4. 11) 

©Dinta' mm^ fi f-^n-KC^*) 

GOIM 15/00 GOIM 15/00 Z 2G0 8 7 


^^min. m^m<D9^6 ol is m 



<WiT10— 277777 

(71){UgiA 

000003207 





(22) mma 

^mO¥ 9 ^ 30 B (1996. 9. 30) 


SI»l»«EB*h3^l»ri«« 



(71)ti«A 

000145806 








i^;iiJs«stm»K0ai-TBi6S 1 ^ 



(72)%^ 













100068755 










(54) mmo>tmm» 


(57) 



i I ■ I I 


(2) 


2000-105172 

2 


[000 1] 


33V^T, 20 (0 0 0 3] -tCt?. JiVv'i^SrllKI-^SJC^^-rS 
^o^^-C. [0 0 0 4] C5 bfctS^Sfilnintf. *(S^<Oftfi|;!)S 

mm^»^mmmmmiti:»'p^'^^i^y vrvfn i o o o si 

ir-f-SlSiMSoltK^eo i:. ^:^v?i^<D:ftiiJ h/v^'*s|?ftU ^:«)3E»lcj;o-C 

^i-S-bOT-foSct^r^'^ir-t-SISftgl®^^^©, 50 [0 0 0 71 ^c-e, Well 


[000 21 


3 

[0 0 0 81 tc5-e, smmmm^^m-r^Mmirm 

[0 0 0 9] ti5»L?ii5P,^ c 9 bfc«g^lcfc^^T. ^ 

m'om^?>xo\ziri>t. t(Dm*)^K.mzi6\,^xm^ 

[0 0 10] 4^c, C 5 UfcS»j|Eigi^©i§SW/i*«) 

^t-rsi:. 'ey'ju<Dmmitizt^'ox^±f£mmi:^7' 
[ 0 0 1 1 1 ^mmaz b \.fzM%(r)%'^\zm.h-xtii^ 

10 0 12] 


2000-105172 

4 

[0013] ^0 \^tzmmzXixii. S B^ii^w^ii 
[0 0 141 Sfc. ft*92lc|S^Lfc^eqwJ;5t^> 

zox 0 \zmmit^m^^{^-r?> b tlx. 

• i^%^mm.mic(Dm'cm-w^^\zm^-f^xo \zn 

t^h<r>wmfSi^mkii-^^'s?mmz^^\^xmL-t 

6h(oxh6. 

x*)mhi)^fi:hff)t-r?>zi:i>x^. m^timwm^m 
m-tioitsnmi-^^iti-xthxoizfj:?,, 

[0 0 151 fS*^4{c|E«Lfcl6?q-C«:, n^miJb 

m 3 (D\^^-fitiMzte.m.\^tcJw.Wim<r>nmmm\z}5\,^x. 
\zAt)^H^xt) \'/y^i'&ifmmit\zm-)\<^xwm^ix 

[0 0 161 »*«5iCfB«LfcllMt?H:, 

[0 0 171 it*^4XttlS*3S5{CfE«Ufc|IM»cJ: 

[00181 C 9 Lfc«^l-J:tttf, *^/V±ICtJ»t5 


5 

(0 0 191 

mm<oMmomm] sir. ^if^mminm^mm (k^ 

v%T0 1 ~ 1 3 t-Clft?^-r5o 

[0020] 01 t-t:^mmmm\ciinhmk^m.^yni- 

'<:>-*y-^'2 0(c^4-r5 h/w^'*v'-Y>' ^3 0^:^^^ 
bxe^S^it^J;*), lR|3i:/vf:/'i 0S:JiiH6«)tc» 

[0 0 2 11 OJit^^'T 2 0 tt. 

^'7V^>'-V7 M 1 i:A;^tt2 1 t;i5|^tt±t-^2:B-r 

.yr^y ^'^^ 3 1 . 3 2 LT-tix 20 
■^ttv'-V^ h 3 0(Offlg5lCii^§^^TV^5„ 
10 0 2 21 l^i^^B«3iyv?>-l 0©lljy3S:tI^1-5 
yhfewa^yv'vM^gSSOi:. ^'r-^-*y-^2 0lc% 

6, 0 t L-fcSll^^S 7 0 ?rex-CV^5o 
(0 0 2 31 3::^i;v$!l^gB5 Ofi^^-Y^^pf-iJ'SM 

^bi-si^i-i^^vv'yi 0(om:^^pa5-r?)o 

fcai;^((0^ffifi3i:^v'i^ 1 owK^ii]^ i 2 lcK»te>i^ 30 
■ttT. D y h/wvu::/ 1 4 <DB8g a y h/wgBST a) 

[00241 iP*>. v? 5 0 S P DiJS 

5rii:^$-B:T^Vv'>l OWiSi^^ (ia:T^B&) 

(0 0 2 51 ^^-f-t^;^-^^^S86 OlC»l3i>'i;>'l 40 

^7^^^ >A'7 h 1 1 lCll^-r:>-^p'-^' 2 0 
a^Pja^Vv'V-l 0lC||^jce]t$ttT:V^5 h-'V'^' (H h 
/W^'TACT) 5r^tti1-5 h/Wi5'-fe>'f-4 OdJ^ltfjtt 
TV^So ^yV'^-^Y^ h 1 l©jS^{ctt^^'7>'^v' 

-V7 h 1 icDlHlfeifg, Wh^^i^^l OrolBlfejtS 
fl' e Sr^ai-f5(HlteiiS-fei^i?-4 2j55^»tP>tl.TV^ 
5, ^ fc, ;^ n •> h/W</P:^ 1 4 OiS^SIICH^ o y h/l' 
m^T Ai:mtiii-i>1tit<0^a y ^/^■fe:^1^4 4iStS»t 
t)lX-CV^5. 50 


ipSPa 2000-105172 
6 

[0 0 2 61 y-<:t-*p<-^^^gB6 Oli. 

1 0i65^m$i^S$M<O»)^t#^4^x/^tlc£':5V^T;/^ 
^*p'-^2 0t;i^4$*.5ftlt h/W^:' (Jg^h/V-i!'T 
TRG) *»!ili-5„ ^t-C, ^'l'-?-^p«-^'$iJ»g86 
Ott*©^ffi$ixfc»^h/V';?TTRGi: h/W^-fe>-y- 

4 0 IC j; ►) ^ a $ tl 5 31 h ^I' T A C T t *5 -Sc-f 5 J: 

5 IC^^W -^^ 2 0 7 ^ - hV< 

[00271 02 llC(0*:iS5©Ib#14*x/V'*r:^-tiR^ 

fmi«^^«:MlJ i:V>5) . mC< h^^^^^yv-a 

rm3«^ft:M3j i:V>p) tV>ofcSm©«^«^Ml 
~M3lcE^i-5r!:{rj:»), 3 

[0 0 2 81 y^i-^;^-'$'mm^6 0i±:i^LtcW}1i^ 

[0 0 2 91 $fc, l^0(c^a^^•c. rj ej (iJiy-:;:/ 

r J 1 J ~ r J 3 J tt±IB=S-«^(*:M 1 ~ 

M3©«ffflii«tt. TKij . rK2j amim^f^Mi 

2 J IIS 1 m^i^M 1 Rx^m 2 m^i^M 2 oini^^y f 

[0 0 3 01 *fc. ft J l4h/l'i^=i>-/^-^'(DS/V'^ 
tt, Fn tj J±h7>';^5^ 5'->a>'©igcjill:-CfoU, 

*>e)Si«^^Mi'^ea$n5esh/v^. mi«^ 

fl£Ml/!i^^S2fllfifeft:M2--eii$n5eah/l'i5'. & 
t/S 2 «^«CM 2 35- e> S 3 «^«:M 3 --git $ fe* 

[003 11 HtC, r k J r4±fBf()#tt*x/V'±-C»4S 

1 « ^S»M 1 d-fjH 2 «^(*:m 2 --ea h /i- 

[0 0 3 21 BaJ^LAch/l'^3i^>'<-^(0h/W^'ifct, 


(5) 

7 

*x/W^^»±V^-ftvt. ft* h/l'^'TTRGS:i[ttli-5 
-Cv^So fi'.T. c 5 bfc€•^r>'^^IS:co»ta^)llll::o^^ 

[0 0 3 3] E3j::^1-J;5lc. ^'f :^^^-^^^Jm 
6 0 »i±iS#^x/i'^i:?:i9:^1-6*x/v^i:S^a5 6 

]i)SiL|f|J6 3, ^/^^5'TTRG^:ll^/^^?TACT 

^ u (cS<5 # -^^ y - ^ 2 0 roigaWiig ^ 7 ^ 

[0 0 3 41 »3tStgSS6 3tt}g^h/W^8IS[g56 2IC 

itJ^ai^itSmslf^ftcMSOlHlfeitg^O' 3 . BP*, 

^-{^(Ommm&td^^ (1) irJ^S^JV^TSiiSPD 

Sr^ffl-rS. 20 

SPD = k 1 • r • 0* 3 •••(!) 

k 1 : SIS 

r : ^''fi'O^H^ 

Sl»gi56 2^c^:^^€^^al;t»1-5o 
[0035] ^x/w^fcS!:^ 6 1 i±±IB«-*x/i-jtii: 

(Je, J1~J3. Kl. K2. CI, C2. nd) 
^T^/w^mSrm^h/i-i^S^SBe 2lca;^-t5. MIC, 30 

ii^m 1 «^«=M 1 ©mteigg e' 1 t mmmm± 40 

4 2lcJ;ij«ltH$ix5:tvi;f:^i ooseiiSfl' e t 
OiiSH: ( 0 ' 1 / 0 ' e ) SrSffii-S, *x/i-S*^ 

SSB6 i(7)^^y tcii. ::<DilSit (e' i /e' e ) 

LTiiSJt (0'1 /O'e ) ICJtJttfch/V^'Jtt 
{= t (fl' 1 /fl' e ) ) *»mi-5o ^:LT. *x 
/«'S»^SS66 111. CWi^lCLT^Ui^ttfc h/V'^' 

5fc«)ic}t^ ^/^^'S^^S66 2jcm;^-r5. 50 


2000-105172 

8 

[0 0 3 7] mmitn tOWm'] d:iChy>:^ii/'y 
3 ^^OjSiitfc n t ©^W^)ltllCoV>T0 5 D - 

t \cx *) mmmttn t ^m^(omnmmxM^sivx\>^ 

5, 

[0 0 3 81 ^-fx igsic^^-f :^r2'7'l 0 OtC*JV> 
T, ^r/w^^ig^^fSe 1 lix^D 5/ h/v-fei^f-4 4tcJ: 

J; "5 S^m s tvfcSiis p D i: ics-^v^-c h 7 i^;^ 5: -jy 

3 l^Oi/y h^KG (1st, 2nd, 3rd, 4 t 

h) i:mmi-i>o ^y''\^'&mwt'&mi<o;f=ev (mTP 

B&) jcil, |ll4lc^i-J;5't*3iSPDSU!;^oy h/i- 
^STAtv-^ h^a«GtO||#^Sa-r5MISr-^' 

^r^v^niEtli $ irT*3 •? , *x/vS^SI$ 6 1 fic © 

mmf-'f' i^mvxmi^y K^SGSr^s-r^. 
[0 0 391 ^bt, ^x/i^smss^e itt^^yic 
IEli$ixTV^5=S-'>7 h^a:eGJc*fj$:Lfc«3ilfcn t Sr 

1^^ e)S?^i2^tfo MIC. *7^/v-^m^s^6 1 

14. cwi^lcbT^^ji^ixfcJ^iitbn tSrJJcHoSJ 
^^ffllcfcltS^jittin t t L-C-B.fgS1-5„ 

[0 0 4 01 ftiC, ;^7'yyi 0 2IC*JV^-C, ^T/l'S 
»S:SgB6 1 14>^xy7°l 0 0-CSS$ttfci^iiIttn t 

tzm-^. ^x/v-SfcK^gB 6 1 l4;^Ts/:^i 0 8Uf^<D 
[004 11 — y 1 0 2 lciJV^•cit3i^fc n t 

f4>^7's':/l 0 4lc:*3V^TJt^h/l'^'SISaJ6 2lcML 

^mi§^Si:mt)i-^, *LT, i^<>^xs':/l 0 6lc 
^DV^T« ^x/i'SfciSiS^e ittMiHiosig^^ictJit 

5i^)Iitn t 5:iBjSjittn told, ^^^omW-^MiZ 
*3»t5«3iitn t Sri8fJ«3iitn t n ewtLX^iX^tl 

[0 0 4 21 JJCIC, T^Ty:/! 0 8\Cio\i^X. ^X/W^ 

ISSiS«i56 lttlEiiJt^Si5ffi;fj$nyS:^, gla-Tixtf 

it n t ©^MlC^o T h 7 5 y 3 

•> 3 :^iciJt£i; UTHS^^lcS-dtSiS^ixSi^ra-Cifo 

[0 0 4 31 COT^^Xs^T'l 0 SlCtJV^-C, ^iiffi^S 

t *jer $ itfc^^. ^-x /u^atSlS^ 6 1 11;^ X y 7° 1 


(6) !t#H 2000-105172 

9 10 
1 O^CiJV^TJ§«^^jiitn t t r a n s S:»ffli-5. ^ * IS#aii):^aS;^ig< jiSJC^A-r5/cfc©t>«)-Cfo 
roSSMittfcn t t r a n s ti^i^tfcn t 0^5^lw*3 ^x/VtlRK^a 6 1 fi::0®««itJt n t t r a 

ttS h 7:^:^5 yi'si'WiaSe?}* h/i'^e^!|#ttSr±* n s Srftco^^ (2) ~ (6) lcS'3v>TS[aii-5o 

nttrans=a+b*sin(c*TS + d) ••• (2) 


T s : igjijt^ s 5raj;t( Ltc^iommmm 

a~d (3) ~ (6) JdJ; 9 


a = (ntold + ntne 
b = (ntold — ntne 
c=-»t/TS I NT 
d = rt/2 

me (a) . (b) ttja««)gtfcn t t r a n s ©^{k 

TV^'So C^T.fj'S-BlC^-ri^tC, liSiiiiifcn t t r 
a n s tt±l5gill^PflTS©JS:*:lc:f^oTIB«5iitn t 
o 1 A-h^hW^Wcn t n e w-^t^^lC^-fkLTV^ 
5, *fc, C^^?J#la(Dfl&, ±^ (2) 

^■^•T?feoTt>. liiSHiaiitn t t r a n s \-i^<D^it 

m mm (a) , (b) iasm^yyiom^) -jsg® 

5o 

[0044] ±IE<0j;5lCL-Ci§)Si^)itt:n t t r a n 
s^r^tatfc^, ;^xs/7'l 1 2(c4oV^T, *r/v.S« 
S!;^6 1 itCtDiijSMStkn t t r a n s irmMitn 
t t LTSS^-rSo 

[0 0 4 5] CitlCjsfL-T, HUj£Ufc;^r yyi 0 8IC 

iJv^T. mmm'Ttsr-mti^i\^xi!i^hm^f^mT s i n 

^SSB6 imilS^;^^^:/! 1 0, 1 1 2©«!,ilS:;^ 

a^iitt; n t t r a n s , BP*» h 7 5 y a VWig 
NT©gi§mf4, y h/H§gTA&I/$iiS PDJC 

ScJ< ffi, BP*, h 7 5 y -> 3 i'Oit^t^^iJcmi- 

[0 0 4 7] ±|E>^xs'7'l 0 8tCiiV^T#^sH]^$ix 
fc#^, ^V^tt;^xs/7'1 1 2®*!l;S5rllff Lfc^. * 
T/i'^»S^IIB6 1 Jl«!;SS::^xy7'l 1 4IC^LT 
mmitn t 5r»:lll<0?a»H«llci3lt5fflt LTtt^ h/W 

[0 0 4 81 Ji^h/W^SISS56 2ICj;S}e^h 


w) /2 • • • (3) 

w) /2 • • • (4) 

• • • (5) 

... (6) 

|g»SB6 2H^T/W^^^^gP6 lICioT^^^nS 
( J e, J 1~ J 3, Kl, K2, CI, C 
2, nd. t, n t) Stl5lHl^S-fe>'U-4 2A»f,A;'j 

M 1 ~M 3 (CoV^TCD^alfJ*•SS;lCftA-t-5 t 
TTRGSriLttl-rs. 

[0 0 4 91 cc-c. n7f^v/vp^%nQ2[im\mjSL 

fciiS h /i'^' Jt k |c£':5^^T ^ Wgii h /V^ T X ^ffijE 

iCgtt^F-BrSi^lCLTV^So SAT. C5L/ie»h/V' 

30 #fiSLTlft?q-r5o Jt^h/i-^ilSSSBe 2H:C(D7P- 
^ - h ic^-f 9 jg LII^T-r 5 ^ t »c J: •? e 

5. 

[0 0 5 01 *-f. ;^7"S'7'2 0 OtC^oV^T, tt^h-'V' 
^ 6 2 l±^7^/V^»^SSi5 6 1 S *5 

^ffl•Cfc5^:W»r$i^fc#^. ;^7^s/7'2 0 2trfcVN 
40 X. h/v-^'MffSBe 2»imS©e^ h/W^'TX2rS 

mmihf^m k/u^tx i n 1 1 u-cgsi^ufcs^. jaa 

$:;^r s'7'2 0 4lc^-f 5o 
[0 0 5 11 — ^XS'7'2 0 OtCt5V>T. <^lHl©ill 

«»f$ttfcS^, m^hfl^^m.»U6 2iiy^7'yZ/'2 0 
2 $r;^ Ar :/ UTJaS* ;^ r 7" 2 0 4 ic^-r 5„ 

[0 0 5 21 3'7'2 0 4lCiiV'>Tjt^ h/W^SIiLgB 

6 2\tmmm'^siiAt)^tixii^hm^f^mT s I nt 

i5Si§Ufc*»5d\ gp*j (TS>TS I NT) <0||#.i5 
50 }gfc:$*LTV^S?!i^*>Sr«»r-r5. ZZXmmmms 
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(00 5 3]— ;^xs/y2 0 4{Ci3V>-C, IfiiJg^ 
S*SA:^^?ixT*»5>B'f:e^WT S I NTi^jfefc'SigUT 10 

[0 0 5 4] *-f. ><.X5/7°2 0 6ICi5^^T. 

^' SSWa 6 2 h 7 v;^ ^. •;/ > 3 >-co^iil!jf^i)5 

[0 0 5 5] Jt^h/W^S^gBe 2©p«*y (S^K) 20 

8 IC^T^I" J; 5 7 h T 7°^ICfc It 5 SiS^Pfl 

[0 0 5 61 0yx.li, -^7 HSfiG^J r2 n dj TfcS 

ig«h/v^tfckttSi@i^raTS«7)Ji:*:W^ 

rs r dj , r4 t hj -cfosi^^ictt, iiiSh/Wi^tt 
kJigig^WT scoii:*:(c#v^^*tmi^Ellc^-r-^ 30 

[0 0 5 71 ifcir, ;^xs':/2 1 2{ciJV'»T. Jg^h/i' 
;5'!S^?F56 2»ii§Sh/w^'ifckSU'l?5i§^i&l^jih/V' 
^TX I N I (DmUiW. (k • TX I N I) teSh/V'^ 
TXtS:ifci!5l-5o rL^T-ea h/Wi5'TXi5±fE^^ffl 

(k • TX I N I) eiT-cfcs tnm^tiitm-^. 

h/W^g^»Si56 2l±*^S/W-^>*-B.i|^Ti-5„ S§ 

oTC©S^(cfi, e^h/v-^TXroMiEttftiPiv/i 40 
[0 0 5 8]-:^, ;^X5'7°2 1 2ICfcV'>T|5jt h/l'^ 

TXd5JiE^»ffi (k • TX I NI) x'o^^^'^tmm 

^tltcm-k. ^TS/y2 1 4|CioV^T. fg^ 
886 2ll±i2«g|i[ (k • TX I N I) *fffc*eah 
/W^'TXt BP*), ;^x.xy2 1 2X1/^ 

xs'7'2 1 4©«-i!iads*tt$lx5Ci:lcJ;iJ. feith 
/i'^'TXH:±IE«»<t (k • TX I N I) fijlTtJiSJ: 

(0 0 5 91 CttlC^LT. ±1E;^XS'7'2 0 6ICtJV 50 
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a4-;^xs/7'2 2 0lc#ff-r5„ ^LT, ;^r i/7"2 2 

^mmr sRxj^mM^<oi^y h^eGics<iv^Tiijg h 

[0 0 6 0] fg^h/V^SSSC6 2(Dp'^y {EI*B&) 

iciisi 9 \zm-rx 0 tiiyy vir^vmz.io\ii>mw^^ 

T SS0f^)Sm©->7 h^aaGtiiSh/V^tfcktWM 
Si5 6 2 f±[^ii)$ h/v^ibk Sr^^ti-SISlccwiiiCT'- 
[006 1] m7L\i. 'yy httSGds r 1 s t J t?fc5 

nm\z7riir%mzf^':>xmtL. -ttc. ^yy namGdJ 

r2ndj , rsrdj "CfeS^^lCli, iiah/V^Jt 
[0 0 6 2] 7.y'y:f2 2 2I::*JV^-C, Wh ViV 

2 \mm. h/i'^'itkso^^jiPitet^ea HA- 

^TX I N I ©^^[ffi (k • TX I N I) teiih/V^ 
TXi%Jt|5f1-5o CCT'eiih/»-^TX;55±fBftmjlt 
(k • TXI NI) £iJi-Cfc5i:«»r$tvfc:S^. Jt* 

o T h /v^ T X ©If jE^4^Tfc^^/£ 

(0 0 6 31 ;^TS'7'2 2 2tC*5V^-C, feg|^/^ 

ifTXASiESI^fK (k -TXINI) J: t) /h$v^i:*J 

»gB6 2ti±IE*S[tt (k • TX I N I) ^rff/t/ieit 
h/v^TXfcUr^^-fS, BP*>, ;^r5'7'2 2 2XtJf 
;^X5'7'2 2 4<D^^!;ai^s|l^t$i^■5Ci:lcJ;^), e»h 
/l'^'TXI±_hfE*^fB (k -TXINI) UA±i:/i5i 

(0 0 6 41 ±IE;^xyy2 1 4. 2 2 4<0^mmi:M 

01 0J4->7 i^T 'y:fmztimmmit 

nt, ig^h/V'i^ifckat/eah/i'^TXWX^t;, 01 

kjit/ea TX(D^{k^i«o-^>*JS:^^^€^^^i- 
^'<$>^/^■t-h-e^>5. 

[00 6 5] ztLhm 1 OKtfB 1 1 \c^irX 0 Jc, * 

?>0f^^F^TS I NTi65S®i-5*-C«jgiKiS:^^F^ 
(010, 1 IWiSf'T ^r/^'t i~t 6©»Fa) ICfcV^ 

XWMVcn t^^mm<om^h^M^<r>m.^^i^X'^.^\z 
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[0 0 6 6] • ^roig*. *|lte?i?^tcin«. hy:^ 

;^ ^ y 3 xoiiigit n t i:mMm(Dmt)^hmm'^<om 

'^tlBm^lffJILTJt^ h/W^ TTRGSr^ffl-rS J; 5 

i. 0 l^jfeSo 

[0 0 6 71 m\z. *llliJi^ffitCfooT{±. ±S; (2) 

it n t (Dmtm^ h 7 v;^ ? y -> 3 i^(Dig»JS^fflMlc 
[0 0 6 81 -tSoT. *lli!SJg^lCitt«. mmitn 

2 Oi»e.3t>-:;y 1 0 {c>l*UTf^ffli-5<0Sr5l 
[0 0 6 91 tC-^t?, [•y>7.i.^y'>3>{ZiS 

v^-c. ^:<oai;'3ii;!i-t>a;^$n^ffl;^ ^/^^H:l^^7>' 
[00 7 01 BP*). v-^hTyy^iCifoo-CJi, 012 
1) i}^h-M.±.^Ltcm (^'f5>'i/t2) . ^iiM© 

5i^^^t 5) „ 

[0 0 7 11 ^7 h^'>i^^tw$>o-C»:i. 01 3 

1) d»P,:*:#<«'>Lfcm (^-<$v</t2) . ^jim 
3) , ^:LT, ai;^h/l'i5'l±SS^iimo<itJ;'9'b/h$ 

[0 0 7 21 ZZX\ !RfJC. v-^ HTs'^NfcD^'-I' 5 V 

t 1 ~ t 3©fflratc*i»t5ai;^ H/w^w^^tfi^tt 
3~t 5w»iW(ctJtt5'^{k<H«ii r^:»— v^^ftj t 

;?.-cm^i^h/l'^TTRG?rgtti-r'5^:«)Jcf4. ^y'/i^l. 
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[00 7 31 Z(DM.. :^mtlSMm-Cii. '>7 VT 
Iciiigah/w^ttkir^iiMitfe^eah/v^'TX I N I 
(k • TX I N I) 5r±feejS^>'^^!'TXIC 

S I NTiSSi@-t-5*-CHejih/i'^'TXSrC©±l81|[ 

[0 0 7 41 Sfc. h^^^^^-^tCttJifE^^iit (k 

■ TX I N I ) «r€^ h/v-i^ TXJcHi-STISffii: 

* t?»ie» h /i'^' T X ^ ©Tfsiia£ii±icsijfs-t5 i 9 

[00 751 iSfC, C 5 Ufcea h/V/^' TXOttiESrfT 

10. 1 ucr^micT^-t) h\mft'o. 010, 
1 id^-f^f-f ^i^^t 2~t Z(r>%fg^^9^ X^y^r X. 
4~t 5©fflKI-^3V^Ttte5t h/V^'TXi55±f2^aLtt 
(k-TXiNi) i:^L</i5J;5JcSij|SS$ii,SJ;9 

20 [0 0 7 61 -tJfoT, ^llJSJ^filiritvii. e^h 
^!t#tt?:Jg* h/w^'TTRG<DgtlllcfS!^fi^tcSi!*$-ar 

[0 0 7 71 4#IC, *|liSji^ffiT?l±. e^h/W^TXCD 

30 ±Ktt^v^ttT[iBi[?rS*i-5^lC!g:.gi:;i5ig« h/v- 

[00 781 • iJ^o-c, ^HlfeJgflllciixtf. h/v- 
TXOi@jSft«)*IE^kSI««rll^« h 7 5 y 3 V 

ea^ttSrJt^ h/W^ T T R G W^miC^r tTMICjESt 
[0 0 7 91 MIC, ^mMJ^mXf-i. eigh/l'iJ'TXCO 

/w^rxw^t^SrSKIi: U, rwea h/w^ TX©:*: 
#$lc*f-f5tfc (igSh/WiJ'itk) S^fflv^Tr4^P>±T 
ffiffi?r^^-t-5 J; 5 ic UTV^So 
[0 0 8 01 -UoX. ^m^mmi^Xtltf. Ztlhl: 

1 ©Bfeiig 0 ' 1 iCOV^TWg^x-^SrfflV-' 
TS?^-r^)<I:^lcLfc:^^i:tt^<C'3. ^r/i-^icgt^ 
eue 10y*yicfEtg$tt5x-^gSrS'>^-fr5Ci: 

50 5„ 
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[0 0 8 1] «±me^ Ltz^mmmtmrox o icm 
' ±.mmmmm-^\t. mm^m^om^i^u i ~m 3 ic 

[0 0 8 2] • ±.mmMjfmTii. mmit n t i:m^m 

T«)itfcn t©^fli^Sr»Ar|c^ft;$-B:5:ii:iS-ct5 10 

[0 0 8 3] • ^mmmmmxit. mm^mT stmm 
mRxfmnMnommi:m^xi>izi.xhx\,\ 20 

[0084] • l±> g^h/Vi^'TXroi 

mtLXiStMir^Zti>X^?>o 

[00 8 51 • Jtmmmmmx\-i. :^mm^:^y v 

I 0 0 8 6 1 30 
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[laffiwia^/iSieqi 

[011 :3^yv^v©KgigB*.T%-rmB&«^0o 

[0 2] *p©»#tt*x/V'Sr*-fmS;@. 

[041 -y h/x^m^Rx^Mmtiyy h^mtom^ 

[0 51 mmitcDW-m^m^^^i-y^-'^^-h, 
[061 i@j!i®)itt©'^{b^i«^^i-<5'^ $ ^'is^^i'- 

[071 g^h/W^«7)*|jE^KISr^-f-^''f 
[08] iX7 hTyT'^lCiJJ-t^jgjSh/W^itSrtai^i- 
[09] V7 hy^'Vf^lcfcltSiaiSh/i'^'itSrKSI- 
[0101 bTs/7'i^{C*5Jt5«jiJt, 

K 

[01 11 v'^ h^^>>:^i${c*5tt5jijiH:> 

[0121 hTs^y^lCiottS h7i^;^5 yv^a V 
[01 31 ix^ hy^'^'^lctJitS hy>':^s.y'>3> 

1 0 -oivvf>. \ \ -i^7\^P'y^yY. 1 2 -K^ 
iiK. 1 4-;^D y h/w^/w:^, 1 5-;^n y h/v^-— 

. 2i "A;^tt, 3 0 ->^r 

7 3 1, 3 2 " ^yyy:/^, 4 0- ■ h/W^'-feV 
f-, 4 2•••|HIteJig■t>'•t^, 4 4-;=^n 5/ h/V-fe^-f", 

5 O-^iVv'^'Sll^gB. 6 0-^^-^-*;'-^'«l«95, 

6 1 -^T/V-^^lg^^. 6 2-}i*h>'V-^'ig»giJ. 6 
3 •••*^S3¥«fiJ, 6 4-tfc|!Eg|J, 6 5-^tta5. 7 0- 
SfllS^B. Ml-01fl}^«^, M2-B2#i^ft:. M3 
•••S3«^«J. 
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